INTRODUCTION
Depression and diabetes mellitus frequently coexist, 1 2 and a bidirectional relationship has been reported. 3 4 Depression worsens glycemic control, 5 accelerates the development and progression of diabetic complications, and leads to increased mortality. 6 7 Many studies have investigated the clinical characteristics of patients with diabetes with depression in Western populations. However, since the development of depression is influenced by cultural and societal factors, 8 studies in other ethnic groups are important. This is particularly the case in East Asia, where the prevalence of type 2 diabetes is increasing rapidly 9 and suicide rates are very high. For example, in 2012, annual suicide rates in Korea and Japan were 28.9 and 18.5 per 100 000, respectively, making them the first and fourth highest among developed countries. 10 In the present study, we aimed to build on research in Western populations and extend understanding of the relationship between depression and type 2 diabetes to East Asians. Therefore, we investigated the relationship of the severity of depressive symptoms with clinical parameters, including an episode of severe hypoglycemia, in Japanese patients with type 2 diabetes.
Key messages
▸ We confirmed clinical characteristics of depressed Japanese patients with diabetes similar to those reported in Western populations, that is, obesity, unhealthy lifestyles, poor glycemic control, and advanced diabetic complications. ▸ Severe hypoglycemia was significantly associated with the severity of depressive symptoms after adjusting for confounding factors. ▸ Severe hypoglycemia and depression are known risk factors for morbidity and mortality in patients with diabetes, clinicians should be aware of this combination in clinical settings.
METHODS

Study participants
The Fukuoka Diabetes Registry is a multicenter prospective study designed to investigate the influence of modern treatments on prognosis in patients with diabetes regularly attending teaching hospitals certified by the Japan Diabetes Society or certified diabetologists' clinics in Fukuoka Prefecture, Japan (UMIN Clinical Trial Registry 000002627). 11 A total of 5131 patients with diabetes aged ≥20 years were registered between April 2008 and October 2010. Exclusion criteria were: (1) patients with drug-induced diabetes or receiving corticosteroid treatment; (2) patients undergoing renal replacement therapy; (3) patients with serious diseases other than diabetes, such as advanced malignancy or decompensated liver cirrhosis; and (4) patients unable to visit a diabetologist regularly. Patients with type 1 diabetes mellitus (negative serum C peptide and/or positive antiglutamic acid decarboxylase antibody), those who had already eaten breakfast, and those who took antidepressants or antipsychotic drugs were excluded. In total, 4218 (2408 men and 1810 women) were enrolled in this cross-sectional study. The study was conducted with the approval of the Kyushu University Institutional Review Board, and written informed consent was obtained from all participants.
Clinical evaluation
Participants completed a self-administered questionnaire to collect information on diabetes duration, alcohol intake, smoking habits, sleep duration, physical activity, and severe hypoglycemia during the previous year. Severe hypoglycemia was defined as an episode of hypoglycemia requiring assistance for recovery. Body weight and height were measured, body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ) and obesity was defined according to the Japan Society for the Study of Obesity thresholds as a BMI ≥25 kg/m 2 . 12 Waist circumference was measured at the umbilical level, with the participant in the standing position, by a trained staff member. Blood pressure was measured with the participant in the sitting position. Participants' medical records were reviewed for all medications including antidepressants and antipsychotic drugs. Leisure-time physical activity information was obtained using a self-reported questionnaire, and metabolic equivalent (met) hours per week was calculated using Ainsworth's methods. 13 The dietary survey was conducted using a brief-type self-administered diet history questionnaire regarding the food frequency of 58 items (BDHQ; Gender Medical Research Inc, Tokyo, Japan). The validity of ranking the energy-adjusted intakes of many nutrients has been previously studied in an adult Japanese population. 14 The presence of depressive symptoms was assessed using the Center for Epidemiologic Studies Depression Scale (CES-D). 15 The CES-D consists of 20 items and scores range from 0 to 60. Higher scores indicate more severe depressive symptoms, with a score of 9 as an average in the general community, 15 16 as a general cut-off, 15 and 24 as a more conservative cut-off. 16 We divided the participants into four groups according to the CES-D score as follows: ≤9 (n=3327); 10-15 (n=539); 16-23 (n=240); and ≥24 (n=112).
Laboratory measurements
Blood was collected by venipuncture after an overnight fast, and spot urine samples were obtained. Assessments were performed at one central laboratory (Kyushu University Hospital, Fukuoka, Japan). Glycated hemoglobin (HbA1c) was determined using high-performance liquid chromatography (Tosoh Corp, Tokyo, Japan); plasma glucose by the glucose oxidase method; serum C peptide and folate by chemiluminescent immunoassay (Kyowa Medex, Tokyo, Japan; Siemens Healthcare Diagnostics, Tokyo, Japan); serum adiponectin and high sensitivity C reactive protein (HS-CRP) by latex immunonephelometry (Mitsubishi Chemical Medience, Tokyo, Japan; Siemens Healthcare Diagnostics, Tokyo, Japan); urinary albumin by immunonephelometry (Medical and Biological Laboratories, Nagoya, Japan); and serum total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglyceride, creatinine, magnesium, and urine creatinine by enzymatic methods. Estimated glomerular filtration rate (eGFR) was calculated using the equation proposed by the Japanese Society of Nephrology. 17 Albuminuria was defined as urinary albumin excretion ≥30 mg/g creatinine, and chronic kidney disease was defined as albuminuria and/or eGFR <60 mL/min/1.73 m 2 . 18 Metabolic syndrome was defined according to the definition of 'Harmonizing the Metabolic Syndrome', 19 that is, the presence of at least two of the following four components: central obesity for Asians (waist circumference ≥90 cm in males and ≥80 cm in females), elevated triglycerides (≥1.69 mmol/L and/or the use of triglyceridelowering drugs), reduced HDL cholesterol (<1.03 mmo/ L in males and <1.29 mmol/L in females), and elevated blood pressure (systolic blood pressure ≥130 mm Hg and/or diastolic blood pressure ≥85 mm Hg and/or the use of antihypertensive drugs). β-Cell function and insulin resistance were estimated based on fasting glucose and C peptide concentrations using the homeostasis model assessment (HOMA) calculator, V.2.2. 2, 20 and expressed as the HOMA β-cell function (HOMA2%-B) and the HOMA-insulin resistance (HOMA2-IR), respectively.
Statistical analysis
HS-CRP and adiponectin were log-transformed for the statistical analyses because of having a skewed distribution. Linear trends were examined using multiple regression analysis, and trends in binomial proportions by the Cochran-Armitage test. Multivariate adjustments included age, sex, duration of diabetes, BMI, HbA1c, insulin use, current smoking, current drinking, leisure-time physical activity, and total energy intake. The multivariate-adjusted OR and 95% CIs for severe hypoglycemia were calculated using a multiple logistic regression model. Multivariate adjustments included age, sex, duration of diabetes, HbA1c, insulin use, self-monitoring of blood glucose, leisure-time physical activity, skipping breakfast, dysesthesia of both feet, ischemic heart disease, and stroke. All analyses were performed using the JMP V.11 (SAS Institute Inc, Cary, North Carolina, USA). p Values <0.05 were considered to be statistically significant in all analyses. Table 1 shows clinical characteristics of studied participants according to the CES-D score. As the CES-D score increased, the participants became younger and the following parameters increased: the proportion of females, prevalence of positive family history of diabetes, BMI, prevalence of obesity (BMI ≥25.0), waist circumference, prevalence of abdominal obesity, HbA1c, HOMA2-IR, prevalence of sulfonylurea users, prevalence of insulin users, self-monitoring of blood glucose, and severe hypoglycemia. On the other hand, the duration of diabetes, fasting serum C peptide, HOMA2%-B, adiponectin, HS-CRP, and the prevalence of oral hypoglycemic users did not differ among groups. After adjusting for age and sex, the statistical significance for a family history of diabetes, HOMA2-IR, and the prevalence of sulfonylurea users was abolished. BMI and the prevalence of insulin users and severe hypoglycemia increased according to the CES-D score after multivariate adjustments including age, sex, duration of diabetes, BMI (not used as the confounding factor for BMI), HbA1c, insulin use (not used as the confounding factor for the prevalence of insulin users), current smoking, current drinking, leisure-time physical activity, and total energy intake.
RESULTS
Cardiovascular risk factors and diabetic complications according to the CES-D score are shown in table 2. Triglyceride levels, as well as the prevalence of metabolic syndrome, dysesthesia of both feet, history of foot ulcer, photocoagulation, macroalbuminuria (≥300 mg/g), ischemic heart disease, and stroke, increased as the CES-D scores increased. In contrast, blood pressure, antihypertensive drug use, total cholesterol, LDL cholesterol, HDL cholesterol, statin use, albuminuria (≥30 mg/g), chronic kidney disease, and malignancy did not differ among groups. After adjusting for age and sex, the statistical significance for triglyceride levels was abolished. After multivariate adjustments, as described above, the prevalence of dysesthesia of both feet, history of foot ulcer, photocoagulation, stroke, and ischemic heart disease increased with the CES-D score. Table 3 shows the lifestyle factors according to the CES-D score. The prevalence of current smoking increased with the CES-D score. Leisure-time physical activity, sleep duration, intakes of dietary fiber, vitamin C, magnesium and folate, and serum magnesium concentration decreased according to the CES-D score, whereas sucrose intake increased. The prevalence of skipping breakfast increased with the CES-D score. The prevalence of current drinking, as well as intakes of total energy, protein, fat and carbohydrate, and serum folate level, did not differ among groups. After adjusting for age and sex, the statistical significance for dietary fiber was abolished. After multivariate adjustments as described above, the significance remained for the prevalence of current smoking, leisure-time physical activity, sleep duration, sucrose intake, and the prevalence of skipping breakfast.
Finally, the association of severe hypoglycemia with CES-D score was examined in sulfonylurea and/or insulin-treated patients (table 4). The prevalence of severe hypoglycemia increased according to the CES-D score ( p for trend <0.0001). The OR for severe hypoglycemia increased significantly according to the CES-D score ( p for trend <0.01) by multiple logistic regression analysis after multivariate adjustment, including for age, sex, duration of diabetes, HbA1c, insulin treatment, selfmonitoring of blood glucose, leisure-time physical activity, skipping breakfast, dysesthesia of both feet, ischemic heart disease, and stroke.
DISCUSSION
This study demonstrated that severe hypoglycemia was significantly associated with the severity of depressive symptoms after adjusting for confounding factors including glycemic control, insulin use, lifestyle factors, and diabetic complications. It has been recently reported that severe hypoglycemia is associated with increased morbidity and mortality in patients with type 2 diabetes, although the mechanisms are not fully understood. 21 Moreover, depression is associated with poor glycemic control, 5 obesity, 22 and unhealthy lifestyle factors such as smoking, 22 reduced physical activity, 23 and diet, 24 leading to the development of diabetic complications and increased mortality. 6 7 In this context, the association of severe hypoglycemia with depression may have great impact on the prognosis in patients with type 2 diabetes.
Some studies have shown the association between hypoglycemia and depression. In a self-reported survey mailed to 200 000 households representative of the US adult population, 25 moderately severe to severe depression was more frequent in those with self-reported hypoglycemia (n=627) than those without (n=2091; 10% vs 5%, p<0.001). The association between hypoglycemia and depression remained statistically significant after adjusting for comorbid conditions and insulin use. However, this study was based only on mailed questionnaires. In a longitudinal prospective study in primary care clinics in Western Washington, 26 10.7% of depressed patients with diabetes (n=495) had one or more episodes of severe hypoglycemia compared with 6.4% of non-depressed patients (n=3622) over the 5-year follow-up period. Depressed patients had a significantly higher risk of developing severe hypoglycemia (HR 1.42) and a greater number of episodes of severe hypoglycemia (OR 1.34) after multivariate adjustment including insulin use, prior severe hypoglycemia, number of diabetic complications, and physical activity. However, the study participants were from one healthcare system, and the majority (80%) were Caucasian.
Although the causes of hypoglycemia in patients with diabetes are multifactorial, there may be some explanations for the association of severe hypoglycemia with depression in patients with type 2 diabetes. First, the activation of the hypothalamic-pituitary-adrenal axis and sympathetic nervous system in depressed persons may affect the physiological response to hypoglycemia. 25 26 Second, patients with dementia may have depressive symptoms, 27 and are prone to developing severe hypoglycemia. 28 Although we did not measure cognitive function at study entry, self-reported questionnaires including food frequency may exclude clinically evident dementia. Third, severe hypoglycemia per se may affect mood. Strachan et al 29 reported that the elevation of depression scores persisted until 30 days after an episode of severe hypoglycemia in insulin-treated patients compared with those without severe hypoglycemia. It is conceivable that repeated exposure to episodes of severe hypoglycemia might induce depressive symptoms by contributing to the fear of hypoglycemia. 30 This study confirmed clinical characteristics of depressed patients with diabetes similar to those reported in Western populations, that is, obesity, unhealthy lifestyles, poor glycemic control, and advanced diabetic complications. 5-7 22-24 However, a study in one Japanese hospital comprising 3305 participants failed to reveal that depressed patients with diabetes have a higher HbA1c or BMI than those who were not depressed. 31 This disagreement may be due to the difference in study participants (eg, insulin users 41.6% vs 26.5% in our study). In this study, depressive symptoms were not associated with an increase in HS-CRP or HOMA2-IR, whereas low-grade systemic inflammation and insulin resistance have been observed in those with depression in Western populations. 32 33 In another Japanese study (n=3573, mean BMI 24.5 kg/m 2 ), an increase in HS-CRP was not associated with depressive symptoms. 34 This ethnic difference may be explained by differences in the BMI of patients with type 2 diabetes, in that Japanese patients with type 2 diabetes are typically non-obese.
A possible association between diet and depression has been reported, 24 although the results are conflicting. In this study, sucrose intake increased according to the severity of depressive symptoms, while magnesium and folate intakes decreased. The increased incidence of hypoglycemia in depressed patients may lead to increased sucrose intake in an attempt to prevent hypoglycemic episodes. Reduced intakes of magnesium and folate may be due to a reduced intake of vegetables and Results are reported as mean±SD. Multivariate adjustments include age, sex, duration of diabetes, BMI, HbA1c, insulin use, current smoking (not used for current smoker), current drinking (not used for current drinker), leisure-time physical activity (not used for leisure-time physical activity), and total energy intake (not used for total energy intake). BMI, body mass index; CES-D, Center for Epidemiologic Studies Depression Scale; HbA1c, glycated hemoglobin; MET, metabolic equivalent.
fruits. Since magnesium and folate are involved in neuronal activity, depression may be associated with low serum concentrations of magnesium 35 and folate. 36 Also, since most studies examining this issue are observational and cross-sectional, the causal relationship remains to be elucidated. Additionally, depressed people sometimes show characteristic eating behaviors such as skipping meals, especially breakfast. 37 Such behavior was also observed in relation to the severity of depressive symptoms in this study (table 3) .
A strength of this study is that it included a relatively large population of patients with type 2 diabetes not taking antidepressants and antipsychotic drugs. These medications may affect metabolic parameters. 38 Furthermore, we examined many pathophysiological aspects of type 2 diabetes, including laboratory measurements and lifestyle factors.
A potential limitation of the study is that causal relationships cannot be addressed because of its crosssectional design. Second, we did not investigate the socioeconomic status of participants, including marital status, income, and education, as asking for information on these factors can sometimes be difficult in epidemiological studies in the Japanese cultural setting. 31 34 39 Third, severe hypoglycemia was self-reported. However, since half of the participants in the most depressed group performed self-monitoring of blood glucose, it was usually measured at episodes of hypoglycemia. Moreover, the retrospective recall of severe hypoglycemia has been shown to be robust for up to 1 year in patients with type 2 diabetes mellitus. 40 Finally, the rates of severe hypoglycemia were generally low, particularly for insulin-treated patients with type 2 diabetes compared with those reported in other countries. 41 Therefore, the applicability of the present findings to other populations remains to be elucidated.
In conclusion, this cross-sectional study revealed that severe hypoglycemia was positively associated with the severity of depressive symptoms in Japanese patients with type 2 diabetes independent of glycemic control, insulin therapy, lifestyle factors, and diabetic complications. Since severe hypoglycemia and depression are known risk factors for morbidity and mortality in patients with diabetes, clinicians should be aware of this combination in clinical settings. 
